The identification of new therapeutic targets to improve health behaviors among cancer survivors (CS) is likely to improve cancer treatment outcomes. Delay discounting (DD) rate is the degree to which one devalues rewards as a function of time to receipt. Lower DD rates (ie, prioritizing long-term over immediate rewards) are associated with healthier behaviors. CS often experience distress and thoughts of early mortality that can potentially shift priorities to the present and negatively impact DD rates, especially when newly diagnosed. Understanding relations between DD and health behaviors among CS will contribute to the examination of DD as a therapeutic target for improving health behaviors for CS. METHOD: CS (n = 1001) were recruited from a web panel and administered a web-based questionnaire. Multivariate models examined relations among DD rate, years since diagnosis, and 10 health behavior indicators. We hypothesized that 1) higher DD rates would be associated with fewer years since diagnosis, and 2) lower DD rates would be associated with healthier behaviors, moderated by years since diagnosis. RESULTS: In general, higher DD rates were associated with fewer years since diagnosis. Higher DD rates were associated with more alcohol consumption, cigarette smoking, other tobacco use, tanning booth use, and conversely, greater adherence to annual primary care visits. A significant interaction between DD rate and years since diagnosis was not found. CONCLUSION: Lower DD rates are associated with several important healthy lifestyle behaviors. DD rate is a promising therapeutic target for new interventions to improve multiple health behaviors among CS. Cancer 2018;124:4711-4719.
Cancer December 15, 2018 experience a sense of a foreshortened future, thoughts of early mortality, and ongoing symptoms of posttraumatic stress. 16 A sense of a foreshortened future shifts individuals' temporal orientation to the present, which can potentially reduce the value placed on planning for the future 16 and decrease the value individuals place on future rewards and commitments, such as long-term health. 17, 18 Most individuals prefer immediate rewards (eg, delicious but unhealthy foods), but will decline immediate rewards to some degree in lieu of larger rewards to be gained later (eg, fitness, long-term health). The value of rewards, however, consistently declines among animals and humans as a function of time to receipt. 19 Delay discounting (DD) rate is the degree to which one devalues or discounts the value of a reward as a function of time to reciept. 20 The DD rate has shown robust generality and predictive validity for a variety of health behaviors, including tobacco and other substance use, overeating, wearing sunscreen, physical activity, recent mammograms and pap smears, prostate examinations, flu shots, and following physician advice. [21] [22] [23] Lower DD rates (ie, prioritizing long-term over immediate rewards) are associated with healthier behaviors, more prudent health decisions, and more robust responses to behavior change interventions. [24] [25] [26] [27] [28] The DD rate is considered a marker for the performance of a variety of health behaviors as well as a promising new therapeutic target for interventions to improve health behaviors in noncancer populations. 22, 24, [29] [30] [31] [32] Innovative methods are now being developed to engage DD as a therapeutic target and improve health behaviors, 24 but the relationship between DD rate and health behaviors among CS has been virtually unexplored.
Among CS, the relationship between DD and health behaviors is likely to be similar to other populations; however, CS are often exposed to factors that might affect the relationship between DD and health behaviors. For instance, anxiety and stress are associated with increases in DD, and thoughts of death increase or decrease in DD, depending on context. [33] [34] [35] [36] Consequently, the relationship between DD and health behaviors among CS might be more complex than in other populations due to uncertainty about the future and other challenges, as well as unique factors such as number of years since diagnosis, stage of cancer progression, incidence of second cancer, and treatment status. Discerning the relationship between DD and health behaviors among CS might contribute to the identification of DD as a new therapeutic target for improving healthy lifestyle behaviors for this growing vulnerable population. Likewise, methods being examined to decrease DD in other populations might need to be adapted for CS to address uncertainty about the future in the presence of disease, years since diagnosis, and other cancer-related factors.
The aim of this study was to examine associations among DD and recommended healthy lifestyle behaviors. 5 We surveyed a large convenience sample of CS to explore relations between DD rate, years since diagnosis, and 10 established health behavior indicators: body mass index, physical activity, vegetable consumption, alcohol consumption, cigarette smoking, other tobacco use, tanning booth use, sunburns, annual primary care visits, and compliance with recommended cancer and health screenings. We hypothesized that because a cancer diagnosis is often initially traumatic, causing significant anxiety, stress, and distress, that DD would demonstrate a significant negative relation to years since diagnosis (ie, survivors with more recent diagnoses would have higher discounting rates). We also hypothesized that lower discounting rates would be associated with healthier behaviors, similar to other populations, and that this relationship would be dependent upon years since diagnosis. We hypothesized this interaction because we anticipated that the distress caused by a recent diagnosis would affect the relationship between DD and health behaviors differently than at a later point, when CS have learned to cope with their new situation. We developed multivariate models adjusted for socio-demographic and cancer diagnoses characteristics to examine these hypotheses.
METHODS

Participants
A sample of CS was recruited from a web panel coordinated by Lightspeed GMI (Warren, New Jersey). Inclusion criteria were age ≥18 years with a history of a cancer diagnosis and residency in the United States.
Instrument Development
The research team developed a questionnaire to collect demographic, cancer diagnosis, and health behavior characteristics. Household income was grouped into 6 categories. 37 Educational level was grouped into 4 categories (<12, 12, 13-14, and ≥15 years of education). Values assigned to income level (lowest, 1; highest, 6) and educational category (lowest, 1; highest, 4) were combined resulting in a discrete analogue socioeconomic status (SES) scale (range, 2-10). This scale was blocked into 3 SES levels-SES1 (2-4), SES2 (5-7), and SES3 (8-10)-which are shown to differentiate along other appropriate socioeconomic dimensions. 38 Health behavior items were
Cancer December 15, 2018 extracted from National Cancer Institute Community Assessment Catalog and included body mass index; hours per week of moderate intensity physical activity such as brisk walking, bicycling at a regular pace, and/or swimming at a regular pace; cups of vegetables per week; alcoholic drinks per week; current cigarette smoking; current other tobacco use; tanning booth use in the past year; red or painful sunburns in lifetime; annual primary care visits; and received all age-appropriate health and cancer screenings. 39 The Temporal Focus Scale (TFS) was used to assess temporal orientation given that there is mention of alterations in temporal orientation among cancer survivors in the literature. The TFS is composed of 12 items that assess past, present, and future orientation. 40 Responses are rated on a 7-point thought frequency scale: (1, never; 3, sometimes; 5, frequently; 7, constantly). DD rate was assessed with the 5-trial Adjusting DD task, $1000 magnitude, an interactive instrument that automatically adjusts to respondents' choices to produce a kparameter after 5 trials. 41 Respondents were asked on the first trial whether they would prefer $500 now or $1000 in 3 weeks. If the immediate option was selected, then the second trial shortened the delay to 1 day ($500 now or $1000 in 1 day). If the delayed option was selected on the first trial, then the second trial lengthens the delay (ie, $500 now or $1000 in 2 years). Delays on all subsequent trials are adjusted based on responses from the preceding trial. The k-parameter was expressed as the natural logarithm of k in Mazur's hyperbolic discounting model, with k increasing as the preference for smaller but sooner rewards increases. 20 
Procedure
Web panel registrants who reported having ever been diagnosed with cancer were invited to participate via an email with a link to the questionnaire. Respondents received 50 GMI Market Points for completing the questionnaire.
Data Analysis
Descriptive analyses characterized participants. The DD k-parameters were standardized using the natural log of k (lnk). We examined relationships between DD rate and past, present, and future temporal orientation subscales of the TFS with Pearson correlations. We examined differences in DD rate by cancer type controlling for years since diagnosis and sex/gender with analysis of variance. We used the Bonferroni post hoc comparison procedure to determine the location of the differences in DD rates among cancer types. In preparation for developing predictive models, dichotomous covariates were rendered using effect coding, and continuous covariates were centered at the sample median. Centering of continuous covariates allows 2 interpretations of the first-order regression coefficient of predictors: 1) the effect of the predictor at the mean of the sample, and 2) the average effect of the predictor across the range of the other variables. We examined the relations between DD and years since diagnosis with preliminary ordinary least squares (OLS) models adjusted for stage of cancer at first diagnosis, age, incidence of second cancers, and whether or not participants were currently receiving cancer treatment.
Multivariate models were used to examine the main effects and interactions for 1 unit increase in DD and years since diagnosis for each of the 10 healthy lifestyle indicators as outcomes. Effect estimates were adjusted for prespecified potentially confounding factors, including socioeconomic status, cancer stage at diagnosis, current cancer treatment status, sex/gender, and secondary cancer. OLS methods were applied to continuous outcomes (body mass index, physical activity, vegetable consumption, and alcohol consumption). Coefficient estimates from OLS models describe the effect of a 1 unit covariate change on the predicted value of the outcome. Compliance with the modeling assumptions was assessed with QQ plots of the residuals. Logistic regression methods were applied to binary outcomes (current cigarette smoking and other tobacco use, tanning booth use in the past year, red or painful sunburns in the past, annual primary care visits, and received all health and cancer screenings). Coefficient estimates from logistic regression models describe the effect of 1 unit covariate increase in the odds of compliance with the healthier behavior choice (reference: noncompliance). The results from the adjusted multivariate models were plotted with years since diagnosis values of 3, 7, and 15 years after diagnosis, which represented the 25th, 50th, and 75th observed percentiles, respectively. Coefficient estimates for DD rate, years since diagnosis and their interaction, 95% confidence intervals (CIs), and P values are reported. CIs were interpreted as a plausible range of values for the true, population-level parameter. P values less than 0.05 were deemed statistically significant, without adjustment for multiple testing.
RESULTS
Participants (n = 1001) were 47% male with a mean age of 63.4 years (standard deviation, 12.8 years); 94.7% were white. Participants were generally of mid to higher socioeconomic status. Table 1 provides a summary of the participant characteristics. The correlation coefficients between temporal orientation and DD rate
Cancer December 15, 2018 were significant for past (r = 0.14; P < .01) and future (r = 0.08; P = .01), and were not significant for present (r = 0.03; P = .30) orientation indicating that temporal orientation was associated with DD among CS as expected. Significant differences were found in DD rate by cancer type [F (9, 1000) = 4.4; P < .0001], but not years since diagnosis [F(1,1000) = 1.4; P = .23), and not sex/gender [F(1, 1000) = 1.8; P = .18]. The interaction between sex/ gender and cancer type [F (8,1000) = 1.5; P = .13] was not significant. Individuals with bone cancer reported significantly higher delay discounting rates than all other cancer types, with the exception of leukemia (Table 2) .
We hypothesized that years since diagnosis would show a significant negative relation to DD. The results supported this hypothesis. In general, CS with more recent diagnoses tended to prefer more immediate rewards. Greater years since diagnosis was reported by CS diagnosed at younger age, with no second cancer, and not Effects of DD and years since diagnosis (3, 7, and 15 years) on the probabilities for each healthy lifestyle indicator. Years since diagnosis was plotted for 3, 7, and 15 years representing the 25th, 50th, and 75th percentiles, respectively. Each plot represents the expected associations after adjusting for socioeconomic status, cancer stage at diagnosis, current cancer treatment status, sex, and secondary cancer. Estimates from logistic regression models describe the effect of 1 unit covariate increase in the odds of compliance with the healthier behavior choice (reference: noncompliance). a Body mass index is weight (in kilograms) divided by height squared (in centimeters).
b Physical activity was assessed in hours per week of physical activity or exercise of at least moderate intensity, such as brisk walking, bicycling at a regular pace, and swimming at a regular pace. currently receiving cancer treatment. After adjusting for these variables, DD remained significantly and negatively correlated with years since diagnosis, as predicted (Table 3) . We hypothesized that lower DD rates would be associated with healthier lifestyle indicators and that this relationship would be dependent upon years since diagnosis. Multivariate models indicated that, in general, lower DD rates and more years since diagnosis were associated with healthier behaviors (Fig. 1, Table 4 ). Lower DD rates were associated with less alcohol consumption, no current cigarette smoking, no other tobacco use, no tanning booth use in the past year, and attending annual primary care visits. The strong association between DD rate and years since diagnosis suggested the possibility of an interaction; however, no significant interactions between DD rate and years since diagnosis were found (all P >.28).
DISCUSSION
In this initial investigation with a large diagnostically diverse sample of CS, lower DD rates were incrementally associated with many healthier lifestyle indicators, similar to other populations. Greater DD rates were associated with more alcohol consumption, current cigarette smoking and other tobacco use, use of tanning booths in the past year. Although years since diagnosis was also associated with many healthy lifestyle indicators, an interaction between DD rate and years since diagnosis was not observed. This suggests that the robust predictive validity found for DD among other populations is likely to extend to CS for these behaviors.
Accordingly, these findings suggest that progress being made in the development of DD as a new therapeutic target to improve health behaviors will extend to CS. Successful methods for incrementally decreasing DD and improving health behaviors include therapeutic interventions (eg, working memory training), direct manipulation of the executive decision-making system (eg, noninvasive brain stimulation techniques), and framing methods (eg, altering the manner or temporal context in which a decision is viewed). 24 Several of these innovative methods now show promise with regard to calorie 42 and cigarette [43] [44] [45] consumption. Some framing methods are delivered remotely using online exercises, which might be an ideal mode of administration using technologies such as patient portals. 46, 47 Inconsistent with the findings in other populations, the hypothesized relation between DD rate and body mass index, physical activity, vegetable consumption, and heath and cancer screenings was not observed. We speculate that among CS, the hypothesized relations between DD and these health behavior indicators are likely to be impacted by cancer-related disability that affects Abbreviations: BMI, body mass index; CI, confidence interval; DD, delay discount; OR, odds ratio.
Ordinary least square models were used to examine continuous outcomes. Logistic regression models were used to examine bivariate models. Coefficient estimates from logistic regression models describe the effect of 1 unit covariate increase in the odds of compliance with the healthy behavior (reference: noncompliance). Models adjusted for socioeconomic status, cancer stage at diagnosis, current cancer treatment status, sex, and secondary cancer. Interactions between DD rate and years since diagnosis were examined in each model and were not significant.
Cancer December 15, 2018 appetite and energy balance or perhaps other health behaviors that confound these relationships, such as smoking and alcohol use. [48] [49] [50] [51] Additionally, participants who have survived cancer for longer might be significantly different in terms of baseline DD rates, smoking, and other factors that impact energy balance, physical activity, and appetite. Higher discounting rates were associated with a healthier body mass index 3 and 7 years after diagnosis, inconsistent with findings in other populations, while the relation between DD rate and body mass index 15 years after diagnosis was flat. Conversely, higher DD rates were associated with less physical activity 3 and 7 years after diagnosis, consistent with findings in other populations, but again, the relationship between DD and physical activity 15 years after diagnosis was flat. Moreover, higher DD rates showed little relation to vegetable consumption 3 and 7 years after diagnosis, but were strongly associated with less vegetable consumption 15 years after diagnosis. More research is needed to ascertain how quality of life and the short-and long-term effects of cancer treatments affect the relationship between DD rate and body mass index, physical activity, appetite, and food choice among CS. The significant correlations between past and future temporal focus and DD rate suggest that the relationship between temporal orientation and DD rate is similar among CS and non-CS. Although counterintuitive at first glance, valuation of the past and the future are often positively correlated. In contrast, present orientation is not generally associated with future or past orientation. 52 Discounting of past and future rewards are also qualitatively and quantitatively comparable. 53, 54 This is reflected in the considerable overlap in activity in prefrontal cortical brain regions while valuing the future and the past which differs significantly from patterns of activation in the limbic region while valuing the present. 32, 55 These findings provide additional evidence that DD has a similar role and/or function among CS and non-CS. Because this was an initial cross-sectional study, the data cannot support causal conclusions. Whereas previous studies have found that weighted web panel data are broadly generalizable to larger populations, 56 our sample might not be representative. Data were also not validated by objective (eg, accelerometer for physical activity) or clinical records (eg, cancer diagnosis). In addition, lifetime sunburns, a standard healthy lifestyle question, confounds sun safety behaviors after diagnosis with behaviors before diagnosis, and therefore must be viewed within that context.
A cancer diagnosis often generates uncertainty about the future, which can potentially affect post-diagnosis decisions about healthy lifestyle behaviors. Similar to other populations, higher DD rates are a marker for unhealthy lifestyle behaviors and are incrementally predictive of many health behaviors among CS. Accordingly, DD rate is potentially a new therapeutic target for improving healthy lifestyle behaviors among CS. Given the potential effect of even small improvements in post-diagnosis health behaviors, if effective, new interventions focused on incrementally decreasing DD among CS are likely to have an impact on the health of this growing population and will have important implications for CS care.
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